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1 Introduction

In LTE, PUCCH format 1A/1B is used to transmit the HARQ ACK/NACK corresponding to a downlink transmission and PUCCH format 2 is used for periodic reporting of the channel state information (CSI) if no uplink scheduling grant is available. To meet the performance goals for PUCCH in coverage enhancement [1], the PUCCH content might be repeated several times over contiguous subframes. It has been agreed that periodic CSI reporting over PUCCH is not supported in coverage enhancement. In this contribution we analyze PUCCH resource allocation for ACK/NACK feedback from Rel-13 low complexity (LC) UEs in normal coverage as well as in coverage enhancement.
In RAN1#82 it was agreed that [4]:
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2 Discussion
There are two possible methods by which LC/CE UE might obtain the PUCCH resource for transmitting HARQ ACK/NACK. First, the PUCCH resource can be signaled explicitly as a part of the downlink control information (DCI). However, explicitly signaling the PUCCH resource constitutes a significant overhead. Especially in case of UEs in coverage enhancement, the M-PDCCH might need to be repeated several times for successful decoding at the UE. In this case, additional DCI bits for PUCCH resource signaling will mean an unacceptably large overhead. 

Second possibility is to derive the PUCCH resource implicitly from downlink transmission. This can be based either on the M-PDCCH or the subsequent PDSCH transmission. The advantage of using M-PDCCH is that it would lead to a much smaller specification impact, by relying on a scheme similar to that used for legacy UEs. Additionally, it may be possible for the legacy and LC/CE PUCCH resources to be multiplexed within the same PRB for better resource utilization. 

Proposal 1 LC/CE UEs derive PUCCH resource for HARQ ACK/NACK implicitly from the corresponding M-PDCCH transmission.

The PUCCH resource used for HARQ ACK/NACK is derived from the first (lowest) ECCE index used by the corresponding EPDCCH transmission. For LC/CE UEs requiring M-PDCCH repetitions, the lowest ECCE index has been agreed to be the same in every subframe. This implies that the PUCCH resource index can be derived from any of the corresponding M-PDCCH transmissions. Subsequently if PUCCH is repeated as well, the same PUCCH resource or set of PUCCH resources may used for all PUCCH transmissions to avoid collisions.
Proposal 2 In case PUCCH is repeated, the same resource derivation scheme is used to determine the PUCCH resource in each transmission within a PUCCH bundle. 
It has been agreed in RAN1 #81 that the MTC SIB indicates at least two narrowband regions for PUCCH transmission from LC/CE UEs. The PUCCH resources used by LC UEs, and those used by UEs in coverage enhancement can be separated by specifying an appropriate offset. Also it has been agreed in RAN1 #82 that starting offset of the PUCCH resources can be configured separately for each repetition level to avoid collision.
Proposal 3 The PUCCH narrowband regions indicated by MTC SIB are common for all CE levels.
The LC/CE UEs will rely on M-PDCCH for DCI as discussed above. Several M-PDCCH PRB sets might need to be configured to provide DCI for all served LC/CE UEs. To avoid resource collision between PUCCH resources derived from transmission over different M-PDCCH resource sets, a resource offset is to be configured semi-statically by higher layers. This implies that if several EPDCCH PRB sets are configured in case of MTC operation, the PUCCH region might expand rapidly, eating up the resources available for PUSCH transmission.

In general, all possible aggregation levels are supported by every EPDCCH set. This implies that the PUCCH resource offset must be large enough to accommodate all the possible derived PUCCH resource indices from a particular EPDCCH set. This can be quite inefficient, especially when only a few of the possible values for lowest ECCE indices are used in practice, for example in case of larger aggregation levels. This implies that the PUCCH resource indices corresponding to rest of the ECCE indices are unutilized.  One possibility is to map UEs with a particular PUCCH repetition level to a particular EPDCCH resource set. Such a resource set would support only a few aggregation levels, and it is possible to limit the corresponding number of PUCCH resource indices. 
Proposal 4 Rel-13 MTC UEs with a particular PUCCH repetition level may be configured with a common EPDCCH set or group of EPDCCH sets.

Proposal 5 The eNodeB may specify a minimum aggregation level for EPDCCH sets configured for UEs with a particular coverage enhancement level.
PUCCH resources for Rel-13 LC UEs
The PRB index used by legacy UEs for PUCCH transmission within a subframe is given by:
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depends on the PUCCH resource and 
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is the slot index. Since the slot indices within a subframe differ by 1, a legacy PUCCH resource occupies PRBs across the system bandwidth in the two slots of a subframe. Also, consecutive PUCCH resources (with indices m and m+1) are located close to opposite system bandwidth edges in each slot of a subframe (Figure 1). 
[image: image5.png]


 


[image: image6.png]<---sgdd




Figure 1: Legacy PUCCH resources occupy PRBs across the system bandwidth in the two slots of a subframe. Consecutive PUCCH resource (m and m+1) are located close to opposite system bandwidth edges in each slot of a subframe
However, LC UEs require a guard interval for re-tuning the center frequency in case the frequency resources are separated by more than 6 PRBs. Therefore in system bandwidths larger than 6 PRB, legacy PUCCH transmission from LC UEs will lose a few OFDM symbols at the slot edge within a subframe. This will lead to a loss in spectral efficiency. Additionally, it will not be possible to multiplex PUCCH transmission from legacy UEs with those from LC UEs because the orthogonality of data orthogonal cover codes will be lost. Thus it is not desirable to retune the LC UE center frequency with a subframe during PUCCH transmission. Moreover in RAN1 #81 it has been agreed that slot-based frequency hopping within the LC UE bandwidth of 6 PRBs will not be supported [3].

Proposal 6 PUCCH transmission from LC/CE UEs use the same PRB index in both slots of a subframe
To transmit on same PRB index in both slots of a subframe, the LC UE can make use of two legacy PUCCH resources. The legacy PUCCH resources are chosen such that they occupy complementary edges of the system bandwidth in each slot. Subsequently at the beginning of a subframe, the LC UE picks one edge of the system bandwidth and uses it for transmission in both slots. For example in Figure 2, LC1 occupies the same PRB in both slots of a subframe by picking legacy PUCCH resources corresponding to m and m+1 in the first and second slot respectively. This can potentially mean wastage of half the PUCCH resources in each slot. To avoid wastage, another LC UE may be configured to use the complementary PUCCH resources in each slot. For example in the same figure, LC2 picks the PUCCH resource corresponding to m+1 and m in the first and second slot respectively. In general, a new parameter  [image: image8.png]


 can be defined for determining the PUCCH resource for LC UEs which is derived from the legacy parameter m according to:
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 in the first slot and, [image: image14.png]my=m+1



 in the second slot of the subframe.

· If [image: image16.png]mmod2 =1
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 in the second slot of the subframe.

The values of nPRB are then calculated based on [image: image22.png]


 instead of m. This scheme ensures that the complete set of PUCCH resources configured for LC UEs can be used without collision. An example of this scheme is shown in Figure 2 for odd valued m. 
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Figure 2: Derivation of PUCCH resource LC1 and LC2 that are assigned legacy PUCCH indices m and m+1 respectively, where m is an odd number
In case of LC UEs operating coverage enhancement, RAN1 #81 has agreed to always use frequency hopping between at least two PUCCH narrowband regions to extract frequency diversity [3]. The scheme described above can be extended further in a straightforward manner to include frequency hopping, say every Y subframes. In this case the PUCCH resource can be derived as:
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 in the second slot of the subframe,
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 in the second slot of the subframe,

where k is the current subframe index and k0 is the first subframe index used for PUCCH repetitions. An example of this scheme is shown in Figure 3.

Proposal 7 PUCCH resources for LC/CE UEs in are derived from legacy PUCCH resources using an additional index mLC.
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Figure 3: Derivation of PUCCH resources for LC1 and LC2 with frequency hopping where m is an odd number
3 Conclusions

Based on the discussion above, we propose that
Proposal 1
LC/CE UEs derive PUCCH resource for HARQ ACK/NACK implicitly from the corresponding M-PDCCH transmission.
Proposal 2
In case PUCCH is repeated, the same resource derivation scheme is used to determine the PUCCH resource in each transmission within a PUCCH bundle.
Proposal 3
The PUCCH narrowband regions indicated by MTC SIB are common for all CE levels.
Proposal 4
Rel-13 MTC UEs with a particular PUCCH repetition level may be configured with a common EPDCCH set or group of EPDCCH sets.
Proposal 5
The eNodeB may specify a minimum aggregation level for EPDCCH sets configured for UEs with a particular coverage enhancement level.
Proposal 6
PUCCH transmission from LC/CE UEs use the same PRB index in both slots of a subframe
Proposal 7
PUCCH resources for LC/CE UEs in are derived from legacy PUCCH resources using an additional index mLC.
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Agreements:


Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level


Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)


FFS whether or not to have default value(s) for some repetition level(s)


FFS how to determine a PUCCH repetition level for a UE


At least for Rel-13 low complexity MTC UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. 


FFS the details


For UEs operating coverage enhancement for PUCCH


Slot-level hopping across narrowbands is not supported
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